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Expansive open-door laminoplasty (EOLP) is an effective surgical method for multilevel cervical spondylotic myelopathy (MCSM) \[[@ref1][@ref2]\]. Indirect decompression of the spinal cord, a posterior bony ceiling to protect the neural elements, and motion of the spinal segments can be preserved by expanding the spinal canal posteriorly. However, the posterior procedure is contraindicated in patients with segmental instability, major kyphotic alignment, or major anterior pathology \[[@ref3][@ref4]\]. When a patient presents with long-level stenosis combined with short-level segmental instability, local kyphosis, or major anterior pathology, long-level anterior decompression and fusion with or without posterior instrumented fusion may be indicated. We have performed EOLP with essential short-level anterior decompression and fusion for these patients, and the short-term surgical results have been favorable \[[@ref5]\]. This study evaluated the medium-term clinical outcomes of the patients diagnosed with MCSM who received EOLP with short-segment anterior cervical fusion (ACF) and examined the risk factors associated with poor neurological recovery.

M[ATERIALS AND METHODS]{.smallcaps} {#sec1-2}
===================================

This study was approved by the Institutional Review Board of Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation (IRB101-100). The study was conducted in accordance with the Declaration of Helsinki and was approved by the Local Ethics Committee of the institution. Informed written consent was waived because the study was a retrospective data analysis. We retrospectively collected patients' data from the electronic medical records and radiological images of Hualien Tzu Chi Hospital. The patients included in this study were diagnosed with MCSM and had received EOLP with one- or two-level ACF from January 2007 to May 2011, and were followed for at least 5 years. In total, 240 patients matched these selection criteria; 87 of the patients included in this study had the clinical and radiographic data required for a postoperative 5-year follow-up. The clinical data included Japanese Orthopedic Association (JOA) scores \[[@ref6]\], Nurick scores, neck disability index (NDI) values \[[@ref7]\], and visual analog scale (VAS) scores to assess neurological function and axial neck pain. Improvements to neurologic status were estimated on the basis of the recovery rate as (postoperative JOA score − preoperative JOA score)/(17 − preoperative JOA score) ×100% \[[@ref8]\], with a score of 75%--100% considered excellent, 50%--74% good, 25%--49% fair, and 0%--24% poor.

The procedures for determining radiographic parameters from the lateral view plain films of the cervical spine were as follows. Cervical lordosis (CL) was evaluated by measuring the angle between the lower endplate of C2 and the upper endplate of C7. The C2--C7 sagittal vertical axis (SVA) was measured as the distance between the posterosuperior corner of C7 and the vertical line from the center of the C2 body. The C7 slope was measured as the angle between a horizontal line and the superior endplate of C7. The range of motion (ROM) of the neck was determined using the difference of the angles between the lower endplate of C2 and the upper endplate of C7 and was measured using dynamic views. The ACF angle was measured as the Cobb angle of the anterior fusion level.

EOLP was performed according to the methods of Hirabayashi *et al.*\[[@ref9] and O'Brien *et al.*\[[@ref10]\], followed by an anterior approach for a discectomy or corpectomy of anterior pathology. Subsequent interbody fusion was performed using artificial cages and autogenous or allogenous strut bone grafts, which were fixed using a titanium locking plate-and-screw system (Zephir, Medtronic Sofamor Danek Inc., Memphis, TN, USA). Lateral and dynamic lateral radiographs of the cervical spine were done 3, 6, 12, 36, and 60 months' postoperatively. Computerized tomography (CT) scans were done at the 6-month follow-up to evaluate the union of the laminoplasty hinge sites as well as the stability of the anterior fusion sites. Magnetic resonance imaging (MRI) was done to evaluate the spinal cord condition at 12 and 60 months' postoperatively.

Statistical analyses were performed using SPSS, version 17.0 software (SPSS, Inc., Chicago, IL, USA). The unpaired Student\'s *t*-test was used to compare preoperative and postoperative parameters. The level of statistical significance was set as *P* \< 0.05. Logistic regression analysis was performed to determine the risk factors for poor JOA recovery rates.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

[Table 1](#T1){ref-type="table"} shows the characteristics of the patients the data of 87 patients -- 45 men and 42 women with a mean age of 60.5 years -- were retrospectively analyzed. All patients received a C3--C6 laminoplasty and C7 partial laminectomy under a diagnosis of C3--C7 MCSM. Twenty-seven patients received adjunct one-level ACF, and the other 60 received adjunct two-level ACF. No differences were observed between men and women in the preoperative mean functional and pain scores. The mean values for the CL, C2--C7 SVA, and C7 slope were lower in females, whereas Neck ROM values were lower in males. The JOA score increased from 8.9 to 15.1 and the mean JOA recovery rate was 77.8%. NDI and Nurick scores also improved from 34.9 to 16.9 and from 3.0 to 1.5, respectively. The average CL decreased drastically from 1.2° to 12°, whereas the average C7 slope significantly increased from 19.2° to 23.4°. The ACF angle increased from 1.0° to 9.6°. The preservation of the average ROM of the neck was 57.5%. The mean VAS score for neck pain at the 5-year follow-up was 2.8. The improvement between pre- and post-operative neurologic and radiographic parameters, except for the C2--C7 SVA, was significant \[[Table 2](#T2){ref-type="table"}\]. The functional outcomes and neck ROM did not differ significantly between those who received one-level ACF and those who received two-level ACF. The risk factors that were significantly correlated with a poor JOA recovery rate were poor preoperative JOA and Nurick scores \[[Table 3](#T3){ref-type="table"}\]. The modified *R*^2^ was 0.803. No complications such as exacerbated neurological status or aggravated neck pain were observed during the follow-up period. Similarly, the follow-up lateral view radiographs and CT scans revealed no cases of opened laminae reclosure or anterior fixation failure.

###### 

Patient data and pre-and post-operative parameters (*n*=87)

                          Males         Females       Total
  ----------------------- ------------- ------------- -------------
  *n*                     45            42            87
  Age                     59.20±11.51   61.90±13.43   60.51±12.48
  ACF level (%)           \-            \-            \-
   1                      14 (31.1)     13 (31.0)     27 (31.0)
   2                      31 (68.9)     29 (69.0)     60 (69.0)
  CL                                                  
   Preoperative           1.9±10.0      0.5±7.2       1.2±8.7
   Postoperative          13.6±8.5      10.3±7.6      12.0±8.2
  CSVA                                                
   Preoperative           26.7±16.3     17.6±12.7     22.3±15.3
   Postoperative          29.6±15.0     21.8±11.6     25.9±13.9
  C7 slope                                            
   Preoperative           21.7±10.4     16.6±7.8      19.2±9.5
   Postoperative          26.5±9.4      20.2±5.9      23.4±8.5
  ACF angle                                           
   Preoperative           1.6±6.1       0.2±6.9       1.0±6.5
   Postoperative          9.9±6.9       9.4±6.6       9.6±6.7
  NROM                                                
   Preoperative           34.9±13.6     41.4±15.2     38.0±14.7
   Postoperative          19.1±9.4      21.0±7.0      20.0±8.3
  VAS                                                 
   Preoperative           5.9±0.8       5.7±1.2       5.8±1.0
   Postoperative          2.7±1.6       3.0±1.4       2.8±1.5
  NDI                                                 
   Preoperative           33.7±10.5     36.3±8.8      34.9±9.7
   Postoperative          15.6±9.9      18.2±8.4      16.9±9.3
  JOA score                                           
   Preoperative           8.9±2.9       8.9±2.7       8.9±2.8
   Postoperative          15.1±3.2      15.2±2.8      15.2±3.0
  Nurick score                                        
   Preoperative           3.0±1.3       3.0±1.2       3.0±1.2
   Postoperative          1.5±1.5       1.6±1.3       1.5±1.4
  Preserved ROM (%)       54.7±20.5     59.8±26.8     57.5±27.8
  JOA recovery rate (%)   77.9±14.8     77.4±12.0     77.8±13.4

Data are presented as *n* or percentage or mean±SD. ACF: Anterior cervical fusion, CL: Cervical lordosis, CSVA: Cervical sagittal vertical axis, JOA: Japanese Orthopedic Association, NDI: Neck disability index, NROM: Neck range of motion, VAS: Visual analog scale, ROM: Range of motion, SD: Standard deviation

###### 

Comparison between pre- and post-operative parameters (*n*=87)

  Item           Preoperative   Postoperative   *P*
  -------------- -------------- --------------- -----------
  CL             1.2±8.7        12.0±8.2        \<0.001\*
  CSVA           22.3±15.3      25.9±13.9       0.072
  C7 slope       19.2±9.5       23.4±8.5        \<0.001\*
  ACF angle      1.0±6.5        9.6±6.7         \<0.001\*
  NROM           38.0±14.7      20.0±8.3        \<0.001\*
  VAS            5.8±1.0        2.8±1.5         \<0.001\*
  NDI            34.9±9.7       16.9±9.3        \<0.001\*
  JOA score      8.9±2.8        13.8±3.0        \<0.001\*
  Nurick score   3.0±1.2        1.5±1.4         \<0.001\*

Data are presented as *n* or mean±SD, \**P*\<0.05 is considered statistically significant. ACF: Anterior cervical fusion, CL: Cervical lordosis, CSVA: Cervical sagittal vertical axis, JOA: Japanese Orthopedic Association, NDI: Neck disability index, NROM: Neck range of motion, VAS: Visual analog scale, SD: Standard deviation

###### 

Factors associated with Japanese Orthopedic Association recovery rate (*n*=87)

  Item                        JOA recovery rate           
  --------------------------- ------------------- ------- -----------
  Intercept                   46.947              17.38   0.009\*
  Age                         0.055               0.098   0.579
  Gender                      \-                          \-
   Male                       2.489               2.343   0.292
   Female                     References                  NA
  Preoperative CL             0.280               0.157   0.078
  Preoperative CSVA           0.117               0.134   0.385
  Preoperative C7 slope       −0.240              0.201   0.236
  Preoperative ACF angle      −0.183              0.189   0.338
  Preoperative NROM           −0.001              0.095   0.989
  Preserved NROM (%)          −0.009              0.008   0.292
  Preoperative VAS            0.295               1.138   0.796
  Preoperative NDI            0.114               0.138   0.409
  Preoperative JOA score      4.310               0.800   \<0.001\*
  Preoperative Nurick score   −8.817              1.843   \<0.001\*

Data are presented as n or mean±SD, \**P*\<0.05 is considered statistically significant. ACF: Anterior cervical fusion, CL: Cervical lordosis, CSVA: Cervical sagittal vertical axis, JOA: Japanese Orthopedic Association, NDI: Neck disability index, NROM: Neck range of motion, VAS: Visual analog scale, SD: Standard deviation, NA: Not available

Case report {#sec2-1}
-----------

A 52-year-old man presented with an unsteady gait, clumsiness in both hands, weakness in the four limbs, and a neck pain VAS score of 5. The preoperative JOA score was 9 and Nurick score was 3. A plain radiograph revealed C5--C6 local kyphosis (2° kyphosis) with disc space narrowing \[[Figure 1a](#F1){ref-type="fig"}\]. The preoperative ROM was 22°. A sagittal MRI view revealed C3--C7 stenosis and obvious anterior pathology over C5--C6 \[[Figure 1b](#F1){ref-type="fig"}\]. C3--C7 anterior fusion with 4-segment anterior cervical discectomy or C5, 6 corpectomy was the usual choice for surgery. We performed a C3--C6 laminoplasty with a C7 partial laminectomy and adjunct C5--C6 ACDF. Five-year postoperatively, the neck pain VAS score was 2, the postoperative JOA score was 15, the Nurick score was 1, and the JOA recovery rate was 75%. The cervical curvature exhibited a 3° lordosis \[[Figure 1c](#F1){ref-type="fig"}\] and a 13° ROM. Three motion segments were saved and 59.1% ROM was preserved. MRI 5-year postoperatively revealed a patent spinal cord \[[Figure 1d](#F1){ref-type="fig"}\].

![Radiographic studies of a 47-year-old man. (a) Dynamic plain radiograph of the cervical spine, lateral view, showing C5--C6 fixed local kyphosis. (b) Preoperative cervical spine magnetic resonance imaging T2 sagittal view showing C3--C7 stenosis and C5--C6 local kyphosis with major disc protrusion pathology. (c) Five-year postoperative cervical spine radiograph, lateral view, showing solid fusion of C5--C6 with good fixation of the miniplates of the laminae. (d) Five-year postoperative cervical spine magnetic resonance imaging T2 sagittal view showing an uncompressed, patent spinal cord](TCMJ-31-47-g001){#F1}
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========================

Anterior long-level decompression and fusion with or without posterior long-level fixation is often indicated for patients with MCSM and short-level anterior major pathology or local kyphosis \[[@ref11]\]. We applied an alternative surgical choice: EOLP followed by short-level ACF. This study demonstrated good medium-term clinical outcomes in 87 patients. Complications such as dysphonia, dysphagia, construction failure, and adjacent segment disease can occur after long-level ACF \[[@ref12][@ref13][@ref14][@ref15]\]. EOLP can indirectly and effectively decompress the spinal cord of multilevel cervical stenosis without sacrificing the motion segments \[[@ref16]\]. Combined essential-level ACF could solve concomitant anterior pathology and correct cervical lordotic alignment. The ROM of the neck was preserved in more than 50% of these cases because the motion segments were protected by this procedure. Moreover, performing EOLP first can also improve the safety of the ACF procedure because of the posterior shift of the spinal cord \[[@ref17]\]. Expansion of the spinal canal may also decrease the risk of impingement of the spinal cord.

Regression logistic analysis revealed that risk factors significantly correlated with neurological recoveries were related to the preoperative neurological status. Numerous factors, including age, duration of myelopathy symptoms, preoperative neurological condition, diabetes, smoking history, and sagittal alignment of the cervical spine, could affect the postoperative outcomes of patients with MCSM \[[@ref18][@ref19][@ref20]\]. The selection of the appropriate surgical treatment, which is controversial among surgeons, also strongly affects the outcomes of patients with MCSM \[[@ref21][@ref22][@ref23]\]. By employing two relatively less invasive surgical techniques, patients with MCSM and anterior short-level major foci, segmental instability, or kyphosis could obtain favorable short-and medium-term clinical results, with significant reductions in the number of complications. Securing opened laminae with titanium miniplates prevents reclosure \[[@ref2]\], and the complication rate of C5 palsy decreases through the creation of more medical gutters \[[@ref24]\]. Performing essential-level ACF not only removes major pathology and corrects cervical alignment but also minimizes the complications associated with long-level ACF. However, this study has some limitations regarding comparisons of the short-term surgical results of this surgical method as well as comparisons with the surgical results and complications of long-level ACF. Our future studies will address these limitations.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

EOLP is a well-established method to treat MCSM in patients with cervical stability and lordosis, and it preserves cervical motion segments. Adjunct anterior decompression and fusion is a favorable treatment for patients with concomitant short segment kyphosis, instability, or major anterior pathology, making EOLP applicable to almost all cases of MCSM.
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